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TiO2 纳米管阵列膜作为一种新型的纳米 TiO2 材料，由于具有独特的、高度
有序的阵列结构和良好的力学性能、化学稳定性以及抗腐蚀性能，引起了人们的
极大关注，已在光催化降解污染物、太阳能电池、气敏传感材料、光解水制氢等
领域显示出诱人的应用前景。然而，锐钛矿型 TiO2 是宽禁带( Eg = 3. 2 eV) 半导
体化合物, 在光催化反应中只有波长较短的太阳光(λ< 387 nm) 才能使其激发
产生光生电子-空穴对，太阳能利用率仅 3-4 %；另一方面，光生电子-空穴对的
复合率较高也限制了其光催化效率的提高。因此，(1) 如何提高 TiO2 对可见光的









1. 应用电化学阳极氧化法，以 Fe(NO3)3 和 HF 的混合水溶液为电解液在 Ti 基底
上成功制备了 Fe3+掺杂的 TiO2 纳米管阵列膜。当溶液中 Fe(NO3)3 浓度低于




2. 采用超声浸渍与光化学相结合的方法成功制备了 Ag 纳米颗粒高度分散的、
载 Ag 量可控的 TiO2 纳米管阵列膜。光电流谱的检测结果显示，负载 Ag 后















列膜的光催化活性相对单纯 TiO2 纳米管阵列膜明显提高。 
3. 应用光电协同作用的方法研究 TiO2 纳米管阵列膜的光电性质。结果表明，




4. 以苯酚为目标污染物，研究了 TiO2 纳米管阵列膜的光电催化性能，并与光催
化性能进行对比。结果表明，光催化及光电催化过程的速控步骤均为表面反
应步骤，TiO2 纳米管阵列膜光电催化降解苯酚的效率明显优于单纯的光催

















Study on Modification, Characterization and 
Photoelectrocatalytic Activity of TiO2 Nanotube Array Film 
Abstract 
TiO2 nanotube array films, as a novel nano-material, are of considerable interest 
due to unique highly ordered array structure, good mechanical and chemical stability, 
as well as excellent corrosion resistance, and have exhibited the attractive applications 
for the photocatalytic degradation of pollutants, solar cells, gas sensor materials, 
photolysis water and so on. However, TiO2 is a high band gap semiconductor (Eg = 
3.2 eV, anatase), electron-hole pairs generation can only be activated by UV-light 
irradiation (λ< 387 nm), and only 3-4 % solar energy can be used. On the other hand, 
the efficiency of photocatalytic reaction is limited by the high recombination of 
photo-induced electron-hole pairs. Therefore, (1) how to increase the absorbance of 
TiO2 to visible light and (2) how to enhance the photocatalytic efficiency of TiO2 are 
two main technical problems. 
The main goal and motivation of the present work is to extend the photoresponse 
range of TiO2 into the visible range, restrain electron-hole recombination and increase 
the photocatalytic efficiency. On the one hand, TiO2 nanotube array film was 
modified through a simple and feasible method. On the other hand, improvement of 
the separation rate of photo-generated electron-hole pairs could be achieved by 
employing electrochemically-assisted method. The SEM, XPS, XRD, Raman 
spectroscopy, UV-vis absorption spectroscopy and photocurrent spectroscopy were 
performed to characterize the morphology, composition, crystalline phase 
photo-absorption ability and phtoelectrochemical property of the modified TiO2 
nanotube array films. The photocatalytic activity of the modified TiO2 nanotube array 
films was evaluated by the degradation of methylene blue (MB) in aqueous solution. 
The effect of bias potential on photoelectrochemical activity was investigated by 















nanotube array film was examined by the degradation of phenol aqueous solution. 
The main progresses and results of this work are outlined as following: 
1. Fe3+-TiO2 nanotube array film has been successfully fabricated in Fe (NO3)3-HF 
mixing solution directly by electrochemical anodic oxidation method. Fe3+-TiO2 
nanotube array film can remain highly ordered array structure as the concentration 
of Fe(NO3)3 less than 0.2 mol/L. Compared with the undoped TiO2 nanotube array 
film, Fe3+-TiO2 nanotube array film has a greater photoelectrochemical activity 
and its photo-absorption edge appears obvious red shifting. The results of 
photocatalytic degradation of MB indicate that compared with pure TiO2 nanotube 
array film, Fe3+-TiO2 nanotube array film behaves a higher photocatalytic activity 
irradiated either under UV light or under visible light.  
2. Ag-loaded TiO2 nanotube array photocatalyst is prepared by the combination of 
ultrasonic- and photochemical routes. Ag nanoparticles can be highly dispersed on 
the surface of TiO2 nanotube array and Ag content can be controlled. Compared 
with TiO2 nanotube array film, Ag-loaded TiO2 nanotube array film promotes the 
separation rate of photo-generated electron-hole pairs, which confirmed by 
photocurrent spectroscopy. The photocatalytic avtivity of Ag-loaded TiO2 
nanotube array film is significantly higher than that of pure TiO2 nanotube array 
film under UV illumination. 
3. The photoelectrochemical properties are investigated by photoelectrochemical 
associate system. The results indicate that the crystalline structure of TiO2 affects 
the photoelectrochemical activity, and anatase TiO2 is the most favorable structure 
for photoelectrochemical activity. The EIS spectroscopy reveals the mechanism of 
separation and transportation of photo-generated electron-hole pairs. Furthermore, 
it is found that extra bias potential can decrease the values of the electron-transfer 
resistance and increase the separation efficiency of photo-generated electron-hole 
pairs. 
4. The photoelectrocatalytic properties of TiO2 nanotube array film are evaluated by 
the degradation of phenol aqueous solution and are compared with photocatalysis. 















step either for the photocatalytic process or for the photoelectrocatalytic process. 
The photoelectrocatalytic degradation rate of phenol solution is greater than 
photocatalytic degradation rate for TiO2 nanotube array film. The anatase TiO2 
nanotube array film with fully crystallization has a higher activity for degradation 
phenol solution when the bias potential of 0.6 V is applied.  
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